Abstract-In MANETs, data routing is a critical issue due to frequent network's topological changes and the unbalanced load distribution among nodes. The hybrid MultiPath Optimized Link State Routing protocol version two (MPOLSRv2), which is the most recent and popular protocol proposed in this area, and is represented an effective solution to such issues by providing multiple paths between sourcedestination pairs. However, MP-OLSRv2 does not consider any parameters related to energy consumption neither in MultiPoint Relay (MPR) selection nor multiple routes computation. Hence, nodes failures due to fast battery depletion restrict their ability to relay packets and degrade the Quality of Service (QoS). In this paper, we propose a new Energy and MobilityAware Muti-Point Relay (EMA-MPR) selection mechanism and extend the conventional MP-OLSRv2 protocol to increase route stability, prolong nodes lifetime and improve the QoS. The performance of the proposed mechanism has been evaluated and compared with the conventional protocol under various simulation scenarios using EXata Simulator. The results prove that the protocol with the proposed EMA-MPR mechanism outperformed MP-OLSRv2 under various scenarios.
INTRODUCTION
The emergence of Smart City and Internet of Things (IoT) concept will enable people with smart devices to be connected at "anytime, anywhere" using multi-hop wireless networks. Devices and networks in the IoT environment follow the architecture of traditional wireless ad hoc networks [1] . These wireless networks are key technologies and will play a crucial role in the IoT to provide several applications and services to the users in various fields such as MANETs, WSNs, VANETs, and WMNs [2] . They are self-organized and multihop networks, with static and/or mobile nodes which spread over a distinct area. These nodes can communicated with each other via wireless interface either directly or indirectly via intermediate nodes using routing protocols [3] . These nodes are demanding as a group, a huge amount of energy resources.
In spite of the great flexibility offered by these non-direct wireless communications, there are still many challenges which are related to the Quality of Service (QoS) and energy constraints. Among these challenges, the most difficult problem to determine and maintain an appropriate and reliable path for packets transmission from a source to a destination, which is due to dynamic network topologies and modest data processing capabilities. Therefore, in MANETs, the energy efficient routing protocols that consider load distribution among multiple paths received a great attention and are experiencing an increased interest from the research community to overcome limited battery capacity of nodes and the unbalanced load distribution constraints.
In recent past, a huge variety of power-aware routing protocols are proposed by considering the transmission energy consumption or the nodes residual battery energy or both [4] . However, the main focus in most works is the single path energy efficient routing protocols and not multipath. The fast exhaust of battery of nodes in the selected path is one of the limitations often imputed to such single path schemes. This is because some nodes are highly congested and transmit most traffic, while others are not involved in the routing. Thus, such approaches are still suffering from the unbalanced load distribution between nodes. On the other hand, several multipath routing protocols proposed to enable the source node to select the best path among multiple paths during a route discovery process for routing data to the destinations. This concept in multipath routing decreases the number of route discovery processes because there are backup routes in case of main route failure.
The conventional hybrid MP-OLSRv2 has been proposed in [5, 6] , is the most recent multipath routing protocol and its standardization process by IETF is currently in progress. It is proposed to select reliable multiple routes for high traffic load distribution. However, by studying MP-OLSRv2 functionalities and analyzing its performance, the MPOLSRv2 does not consider any parameters related to energy consumption neither in Multi-Point Relay (MPR) selection nor multiple routes computation [7] . Thus, the MP-OLSRv2 is not energy-efficient enough under various MANET scenarios.
Preliminary results have been published in [8, 9] , exploring other modifications of MP-OLSRv2. This paper extends the conventional MP-OLSRv2 and presents an Energy and Mobility-Aware Multi-Point Relay (EMA-MPR) selection mechanism for route stability and load balancing in MANETs. The EMA-MPR mechanism modifies the conventional MPR mechanism that selects a set of nodes called MPR set for flooding topological information with in the network. The conventional mechanism is based on degree of coverage of two-hop neighbors for each node regardless of node's status in terms of energy resources and mobility. In contrast, the proposed EMA-MPR mechanism considers multiple parameters and metrics related to energy and mobility to cope the energy constraints of nodes and reducing topology control traffic due to the frequent topological changes of the network.
The rest of the paper is structured as follows: Section 2 discusses the background of MP-OLSRv2; the proposed EMA-MPR mechanism is described in Section 3; Section 4 discusses the results and evaluation, and Section 5 concludes the study.
II. BACKGROUND

A. MP-OLSRv2
The conventional MP-OLSRv2, which is based on OLSRv2 [10] is a hybrid multipath protocol, and it has been selected as the base work for the proposed scheme in this study. The MP-OLSRv2 involves proactive and reactive routings concepts for data transmission. It utilizes the Multipath Dijkstra Algorithm to discover proactively several alternative routes between source-destination pairs but this proactive behavior is changed to reactive for on-demand route computation. According to [6] , the standardization process of the MP-OLSRv2 is currently in progress. There are three implementations of this hybrid multipath protocol, specified in [6] standardization draft, for both testbed and simulation use as follows:
(i) Multi-path extension based on nOLSRv2: It is known as MP-OLSRv2 [5] , and it can be used for QualNet simulations, and be exported to run in testbed. The proposed mechanism in the current paper is based on this conventional MP-OLSRv2 implementation using EXata simulator. (ii) Multi-path extension based on OLSRd: It is based on OLSRd implementation [11] . (iii) Multi-path extension based on umOLSR: It is based on um-OLSR implementation in NS2. This implementation is known as MP-OLSR [12] .
The MP-OLSRv2 includes a major modification of the Dijkstra Algorithm including two cost functions are used to produce multiple disjoint or non-disjoint paths. More details about the main and auxiliary functionalities and its concept of operation can be found in [6] . To the best of our knowledge, MP-OLSRv2 is the only OLSRv2-based protocol that offers a strategy to construct multiple node-disjoint paths [13] . It computes multiple paths between source-destination pair. The path with less number of hops (shortest path) is selected as the primary path, while the others will be backup paths to increase transmission reliability. Furthermore, MP-OLSRv2 is compatible with standardized OLSR and OLSv2 by enabling IP source routing.
B. MPR Selection Mechanism of MP-OLSRv2
The core optimization of OLSR is to minimize the control traffic by selecting a small number of nodes, known as Multi Point Relays (MPR) which is an improved flooding mechanism for topological information. The MPR selection mechanism is exploited in OLSR, as well as the standard OLSRv2 and its multipath extension MP-OLSRv2. This mechanism enables each node to elect its MPR set (M) among its one-hop neighbor nodes x based on their willingness, W(x), reachability, R(x, M) and degree, D(x) as presented in Algorithm 1 according to [14] . Add node x to MPR(s) 7:
Remove nodes in N2(s) that are covered by these N(s) nodes 8: end if 9: end for 10: for each node y in N2(s) do 11: if there is only one node x in N(s) with D (x, y) is defined then 12:
Add node x to MPR(s) 13:
Remove nodes in N2(s) that are covered by x 14:
end if 15: end for 16: while N2(s) is not empty, do 17:
Select node x in N(s) with non-zero reachability based on the following priority order then 18:
Add node x to MPR(s): Consequently, this paper focuses explicitly on the simultaneous consideration of multipath routing solutions together with energy efficiency and mobility awareness in MANETs by taking into account the battery energy, the node's lifetime and the speed of nodes during the selection of MPR set.
III. PROPOSED EMA-MPR MECHANISM
This paper introduces a new EMA-MPR selection mechanism which aims to improve the selection mechanism of MPR set that is utilized in MP-OLSRv2 to make it "energy and mobility aware" without necessarily adding any extra traffic to the control messages (HELLO and TC). It modifies the willingness setting of the standard MPR selection algorithm which is kept without changes to guarantee the optimal number of nodes that added to the MPR set. The nodes in the MPR set are involved in flooding TC messages to all the two-hop neighbors of the source node.
The proposed EMA-MPR selection mechanism exploits a multi-criteria node rank (MCNR) metric [8] , which is modified to compose energy and mobility awareness metrics. In other words, the MCNR metric in the proposed mechanism declares the status of each node according to its energy resources and speed, which implicates nodes stability within the MANET environment. In EMA-MPR, the MCNR node's metric is mainly based on two parameters of node: Residual Battery (RB) and Speed of mobility (Smob). In addition, the lifetime (LT) of nodes, which is a function of the drain rate of nodes, involves in the estimation of the MCNR metric value. Four models are involved in returning the instantaneous values of these parameters namely; the battery model, the energy model, the lifetime model and the mobility model. Therefore, the nodes with highest MCNR metric value are good candidates to work as MPR nodes.
Before the estimation process of the MCNR metrics, each node, i uses the instantaneous values of the metrics that involves in the composite of MCNR metric, to calculate the corresponding node's ranks; residual battery-based node rank (NRRB(i)) and mobility-based node rank (NRmob(i)) using Eq.
(1) and (2): (1) where RBi is the instant residual battery capacity of the node i, RBmax is the maximum battery level, which denotes to the configured node's initial battery level, and NRmax is the maximum node's MCNR. where NRRB(i) and NRmob(i) are the ranks of the node i in terms of the residual battery capacity, and the speed of node respectively, Smax is associated to the maximum speed of the node i, which has been configured in the RWP mobility model.
To determine the node's lifetime, first the drain rate is estimated as follows: (4) where DRi is the drain rate of node i in mA.h per Sec at an instant t, T is the duration of service time in Sec, Etotal is the total energy consumption in mW.h, and V is voltage of power supply in Volts, which is set in the employed Generic Energy Model to 5.0 Volts.
Then the node i lifetime can be estimated accordingly as a ratio between the residual battery and the drain rate of the node i as obtained from Eq. (4), as: (5) where LTi is the lifetime of node i that is obtained from the Lifetime model, RBi is the remaining battery of node i that is obtained from the Linear Battery model, and DRi is the drain rate at an instant of time t of node i. The zero value of node's drain rate means the maximum value of lifetime. In this implementation, we set the maximum node's lifetime to "65535".
According to the EMA-MPR selection mechanism, the node with the highest MCNR metric value and the lowest speed of movement becomes a good candidate to contribute as MPR nodes for flooding topological information according to Algorithm 2. As it can be seen from Algorithm 1, the willingness setting of nodes in the EMA-MPR mechanism has four values: WILL_HIGH, WILL_DEFAULT, WILL_LOW, and WILL_NEVER, based on the values of the considered noderelated metrics (MCNR, RB, LT, and Smob). The nodes with NRmc metric less than a minimum MCNR threshold "NRmin" and a lifetime less than a minimum LT threshold value "MIN_LTth" are set to the lowest willingness value (WILL_NEVER) and will never be selected as MPRs. Otherwise, three willingness values are defined: WILL_LOW, WILL_DEFAULT, and WILL_HIGH based on the value of both NRmc and Smob. Then, each node, i announces its own willingness value to the surrounding (neighbor nodes) via HELLO and Topology Control (TC) messages. The selection of MPR set for every node among its one-hop neighbors depends on their willingness value, reachability and degree of coverage, where the willingness value will be estimated using our proposed mechanism.
Algorithm 2 Willingness setting of EMA-MPR
IV. SIMULATION AND PERFORMANCE ANALYSES
A. Simulation Model
Different mobility-based simulation scenarios were extensively conducted in order to evaluate the performance of the proposed EMA-MPR mechanism with the MP-OLSRv2 routing protocol. The EXata network simulator with the previously mentioned MP-OLSRv2 implementation is used to perform simulations. A scenario of MANET is created with 50 mobile nodes spread over a 1000 x 1000 m 2 square area where devices are placed randomly (while ensuring the network connectivity). The wireless interface is IEEE 802.11b with 11 Mbps data rate and 270 m transmission range. FIFO priority queue is used to buffer outbound packets with 50 000 bytes size. Simulations were conducted using the TwoRay propagation model and IEEE 802.11 as the MAC layer protocol with the Distributed Coordination Function (DCF) to notify the network layer about breakage of links.
In this simulation, random 25 Constant Bit Rate (CBR) streams are created to connect each pair of nodes (one to one device) in the network, and send ten (10) packets of 512 octets every second. It started 10s after the simulation had started for giving sufficient time to exchange the routing messages. We deliberately set rather low initial battery energy of nodes (3 mAh) to create scenarios where nodes drain their battery and die. Since the idle energy consumption is addressed with all complementary schemes, thus, to emphasize the possible gains due to enhanced MPR selection mechanism, the idle energy consumption is ignored. The nodes' movement is random according to RWP model, thus the network topology may undergo random change. In the mobility-based scenario, we varied the speed of nodes as (5, 10, 15, 20, 25, and 30) m/s while the pause time duration is set to 10s. Simulations were run for 100s each, and all reported results in this paper are representing the averages over 20 different and randomly generated scenarios. The common and fixed simulation parameters for both simulated protocols are summarized in Table 1 . Fig. 1 depicts the data packets delivery ratios obtained for the conventional MP-OLSRv2 and the protocol with the proposed EMA-MPR selection mechanism. While neither protocol obtains a perfect data delivery ratio and their PDR decrease when the node speed increases, the proposed EMA-MPR achieves up to 17% improvement over MP-OLSRv2. This improvement comes due to the section of most stable nodes in the MPR set for flooding topological information and forwarding data toward the destination.
B. Simulation Results
The results in Fig. 2 clearly demonstrate that the protocol with EMA-MPR mechanism has better performance in terms of end-to-end delays especially in the scenario with 5m/s with 68% lower delay compared to MP-OLSRv2. This is because the selected nodes in the MPR set could be with the highest node's rank and longest node's lifetime, which result in decreasing the possibility of link failure occurs and minimizes packet loss. Therefore, the protocol with the proposed mechanism introduces less average delay compared to MPOLSRv2 regardless of speed of nodes. The routing overhead metric is a crucial consideration in MANET due to the nodes mobility and the frequent links breakages that causes frequent path failures and repeats route discovery process. This metric is associated to the extra bandwidth consumed by the overhead in order to deliver data packets. The routing overhead provides an idea about the robustness of network in terms of the utilization of bandwidth and the consumption of energy. As we mentioned earlier, the hybrid MP-OLSRv2 tries to overcome two main issues: the first reducing the control overhead of proactive routing behavior and decreases the delay that is caused by repetition of route discovery process of reactive routing. Fig. 3 illustrates the overhead of network (bytes), which the networks are needed to converge to a stable state; for both the conventional and the proposed schemes. The overhead bytes of the proposed MP-OLSRv2-EMA-MPR grow as the speed of nodes increase. The proposed scheme significantly reduces the network overhead and outperforms the MPOLSRv2 in all scenarios. With the proposed EMA-MPR mechanism, the overhead decreases by 7000 bytes lower for scenarios of 5 m/s. The energy efficiency of the proposed mechanism the number can be evaluated through two metrics; dead nodes and the energy cost per packet that were compared for the considered protocols. Fig. 4 shows that the proposed scheme maintained the lowest number of dead nodes compared to MPOLSRv2 in all cases regardless of nodes speed. In the worst case (10 m/s), only 3 nodes are exhausted with the proposed EMA-MPR scheme and it still significantly outperforms the conventional scheme. In contrast, number of dead nodes with MP-OLSRv2 varies from 32 to 11 exhausted nodes for scenarios of 5m/s and 30m/s respectively. The consideration of energy and mobility-based metrics in EMA-MPR selection mechanism reduces the energy consumption and increases the number of successfully transmitted packets, which consequently leads to reducing the energy cost per packet of the proposed scheme up to 47% less than MP-OLSRv2 in the scenarios with a 5m/s as shown in Fig. 5 . Simulation results show that with the EMA-MPR mechanism, an obvious improvement can be achieved in terms of QoS metrics such as PDR, average end-to-end delay and overhead compared to the MPR mechanism of the MPOLSRv2. It also outperformed the conventional MPOLSRv2 by conserving more energy and increased network and nodes lifetime. The proposed mechanism selects the most stable nodes in terms of energy reserves and mobility to flood the topological information to surrounding. 
